Our objective was to evaluate the relationships between dietary patterns and obesity, abdominal obesity, and high body fat proportion (measured by dual-energy X-ray absorptiometry; .25% in men and .35% in women) in an urban Mexican population. We conducted a cross-sectional analysis with the baseline data from 6070 men and women aged 20-70 y participating in the Health Workers Cohort Study, including information on participants' socio-demographic status and physical activity collected via self-administered questionnaires. Dietary intake was evaluated using a 116-item FFQ.
Introduction
Obesity is becoming increasingly prevalent worldwide with at least one billion people who are overweight and~300 million people who are obese (1) . In Mexico, the 2006 National Survey on Health and Nutrition found that~70% of adults are overweight or obese (2) . Because adult obesity has been linked to numerous chronic conditions and generates high healthcare costs, the increasing prevalence of obesity poses numerous negative implications for the physical and economic health of many societies (3) . For these reasons, it is imperative to understand the causes and specific outcomes of obesity as well as to understand the potentially different risks posed by various measures of obesity.
Despite considerable research efforts, the nutritional etiology of obesity remains unclear and controversial, especially with regard to the roles played by dietary fat (4-6) and carbohydrates (7) . This is partly because studies about the relationship between diet and obesity on an individual level have predominantly focused on the intake of macronutrients and fiber (4) (5) (6) (7) (8) . Clinical studies have shown that a reduced dietary fat intake is associated with weight loss, but prospective observational epidemiology does not support the hypothesis that changing dietary fat consumption, independent of energy intake, leads to weight loss (4) (5) (6) . Whereas the role dietary fat plays is unclear, evidence suggests that the dietary fiber found in whole grains, fruits, and vegetables plays a role in obesity prevention (8) . However, these dietary factors alone probably explain only part of the effect of diet on obesity. Other nutrients, additives, and unknown compounds, as well as the physical properties of foods and interactions between nutrients (rather than the intake of nutrients such as fat per se), may influence weight gain (9) .
The type of weight gain that results from specific food consumption patterns and other factors must be studied further, especially because various measures of obesity may also be associated with increased morbidity and mortality. For example, recent research shows that waist circumference alone may be significantly associated with cardiovascular disease, type 2 diabetes, certain cancers, and premature death (10) (11) (12) (13) .
The assessment of dietary patterns has become increasingly popular as an alternative or complementary method in nutritional epidemiology. Analysis of food consumption using factor analysis has emerged as a useful tool for elucidating relationships between diet and health (14, 15) . Overall dietary patterns appear to affect health more than the consumption of individual foods and nutrients. This approach also provides a more accurate picture of food consumption in daily life than studies of isolated nutrients, producing results that offer a greater insight into specific healthy dietary changes and public health recommendations (9) .
In the present study, we used this promising new approach to examine whether dietary patterns derived from the exploratory factor analysis of principal dietary components are related to specific indices of adiposity (general and central obesity and high body fat) in an urban Mexican population.
Methods
Study population. This cross-sectional analysis was conducted among adults participating in the baseline assessment of the Health Workers Cohort Study in Mexico. Details of the study design, methodology, and participants' baseline characteristics have been reported elsewhere (16, 17) . Briefly, between March 2004 and April 2006, 9467 employees and their relatives from 3 different health and academic institutions in the states of Morelos and Mexico were invited to participate in this cohort study, which focuses on lifestyle and chronic disease. A total of 8307 participants were formally included in the study; for the present analyses, we excluded those aged ,20 y (n = 35) and .70 y (n = 455) and those diagnosed with type 2 diabetes, cancer, or heart disease (n = 1466) because of possible disease-related changes in diet. We excluded an additional 204 participants because of incomplete anthropometric information, 18 participants who reported a total daily energy intake outside the range of 2508-29,260 kJ/d according to the SD method (18) , and 48 participants who provided incomplete information on their dietary intake. The remaining 6070 participants (27.1% men and 72.9% women) were included in our analysis. All participants provided written informed consent prior to their enrollment in the study and the ethics committees of all participating institutions reviewed and approved the study protocol.
Dietary assessment. Dietary information was obtained by means of a previously validated (19) , semiquantitative FFQ; to test the FFQ's reproducibility, it was administered twice, at a 1-y interval, to 134 women residing in Mexico City and the validity results were then compared with those from the set of 4 recall tests given at 3-mo intervals. This questionnaire included data regarding the consumption of 116 food items. For each food, a commonly used portion size (e.g. 1 slice of bread or 1 cup of coffee) was specified on the FFQ and participants reported their frequency of consumption of each specific food over the previous year. Participants chose from 10 possible responses, ranging from "never" to "6 or more times per day." For our analysis, the reported frequency for each food item was converted into a daily intake. Total energy intake was computed by summing the energy intakes from all foods (20) .
The energy intake from each food was converted into a percentage of total energy intake per day and standardized by Z-score (21, 22) . Foods and beverages from the FFQ were categorized into 28 food groups that were used to derive dietary patterns using a factor analysis of principal components. Details of the food groupings used to derivate the dietary patterns were described elsewhere (23) . Briefly, the basis for placing a food item in a certain food group was the similarity of nutrients. Some groups were defined according to the amount of sugar added (e.g. sweetened beverages). Other groups were defined according to their lipid profile (e.g. seeds or margarine). Finally, some food items were considered individually as a food group, because their nutrient profiles were unique, were consumed especially frequently, or had a unique culinary use (e.g. tortilla, eggs, orange juice).
Identification of dietary patterns. We used factor analysis with orthogonal transformation to determine dietary patterns and factor loadings for each of the 28 food groups (21) . After evaluating the eigenvalues, the scree plot test, and interpretability, factors . 1.5 were retained. Each factor was defined by a subset of at least 5 food groups on the factor axis with an absolute factor loading $ 0.3 (21, 22, 24, 25) . Factor groups with a factor loading $ 0.3 were considered to significantly contribute to the pattern. According to these criteria, a 3-factor solution was obtained, with factor I explaining 7.8% of the variability, factor II explaining 6.4%, and factor III explaining 6.1%. Together, the 3 factors explained 20.3% of the total variance ( Table 1) . We computed the factor score for each pattern by adding the intake of food groups weighted by their factor loadings, and each participant received a factor score for each of the 3 identified patterns. The derived factors (dietary patterns) were labeled on the basis of previous studies that found similar dietary patterns in adults (23, (25) (26) (27) .
Anthropometric assessment. Detailed information regarding measurement of weight, height, waist circumference, and proportion of body fat has been provided elsewhere (16, 17, 23) . Briefly, weight was measured while participants were barefoot and wearing minimal clothing. Height was obtained while the participants were standing barefoot with their shoulders in a normal position. BMI (kg/m 2 ) was obtained from standardized measurements of weight and height and was computed as a ratio of weight (kg):height squared (m 2 ). In the present study, being overweight or obese was defined as BMI $ 25 kg/m 2 (1). Waist circumference was measured at the high point of the iliac crest at the end of normal expiration to the nearest 0.1 cm. Abdominal obesity was defined as a waist circumference of .102 cm in men and .88 cm in women (28) . Body composition was assessed as body fat proportion determined by dual-energy X-ray absorptiometry. High-body fat proportion was defined as .25% in men and .35% in women (29) . All measurements were performed by nurses trained to use standardized procedures and reproducibility was evaluated, resulting in concordance coefficients between 0.83 and 0.90.
Covariate assessment. As reported previously (16, 17) , data on demographic characteristics were evaluated by means of self-administered questionnaires. Furthermore, participants were asked about the amount of leisure time they devoted to physical activities during a regular week. Each activity was expressed in metabolic equivalents (MET) and total MET/d were computed (30) . Participants were also asked about the weight change they experienced in the previous year and this information was categorized as no weight change or weight loss or gain of .5 kg in the previous year. Additional information regarding smoking status, menopausal status, estrogen use, medical history, and use of medications was obtained from the self-administered questionnaires.
Statistical analysis. We performed a descriptive analysis of the main characteristics of interest. For differences in general characteristics (e.g. age, physical activity, and dietary intake) across quintile categories of dietary patterns, we used a 1-way ANOVA test. The distribution of qualitative variables across quintiles was evaluated with chi-square tests. ANCOVA with Bonferroni's correction was used to compare means. To evaluate the magnitude of the association between specific dietary patterns and obesity, high-body fat proportion, and abdominal obesity, we estimated adjusted OR and 95% CI using multivariate logistic regression models. In model I, we adjusted for age (continuous) and sex. Model II further adjusted for physical activity (MET/d), place of residence (Mexico State or Morelos State), and weight changes (no weight change, weight gain, or weight loss), cigarette smoking (never, past, or current), estrogen use (yes or no), and menopausal status (yes or no). Finally, in model III, we added energy intake (MJ/d). In all multivariate models, the first quintile of the dietary pattern was considered the reference category. The Mantel-Haenszel extension chisquare test was used to assess the overall trend of OR across the increasing quintiles of dietary pattern scores.
The level of significance used for all associations was P , 0.05. All analyses were conducted using STATA, version 9.2 (31).
Results
Three major dietary patterns were extracted from the factor analysis and labeled as: 1) prudent dietary pattern (high in fruits, vegetables, and legumes and low in pastries, refined cereals, and cookies); 2) Westernized dietary pattern (high in refined cereals, pastries, corn tortillas, and sodas and low in whole grain cereals, seafood, and dairy products); and 3) high-animal protein/-fat dietary pattern (high in processed meat, red meat, poultry, butter, and eggs and low in fresh fruits and pastries). The factorloading matrixes for these dietary patterns explained 20.3% of the total variance (Table 1) .
Participants in the upper quintile of the prudent pattern were significantly older, smoked less, and were more physically active compared with those in the lowest quintile ( Table 2) . Participants in the top quintile of the Westernized pattern were less likely to exercise and had a higher prevalence of general and central obesity and a high proportion of body fat. Compared with those in the lowest quintile, participants in the upper quintile of the high-animal protein/-fat pattern score were younger, less physically active, and more likely to be obese and abdominally obese. Lower intakes of energy and higher intakes of fiber were found among those in the upper quintile of the prudent pattern. In contrast, participants in the highest quintile of the Westernized pattern consumed more energy and less fiber. Being in the upper quintile of the high-animal protein/-fat pattern was associated with a lower energy intake. Significant differences were found in protein, lipid, and carbohydrate intakes across patterns.
After adjusting for age (continuous), gender, cigarette smoking (never, past, current), physical activity (MET/d), weight change within the last year (unchanged weight, gained weight, or4 lost weight), place of residence (Mexico State or Morelos State), estrogen use (yes or no), and menopausal status (yes or no), there was a decrease in BMI, waist circumference, and body fat among participants in the prudent pattern, although these results were not significant. In the Westernized pattern, participants in the upper quintile had a significant increase in BMI (b = 0.60; 95% CI: 0.26, 0.95; P-trend , 0.001) and an increase of 2.78 cm (95% CI: 2.02, 3.55; P-trend , 0.001) in waist circumference. In the high-animal protein/-fat pattern, participants in the upper quintile had an increase in BMI (b = 0.45; 95% CI: 0.15, 0.75; P-trend = 0.003) and an increase of 1.83 cm (95% CI: 1.06, 2.61; P-trend , 0.001) in waist circumference ( Table 3 ) when we used dietary pattern scores as a categorical variable (quintiles) in the multivariate linear regression models.
Participants in the upper category of the Westernized pattern were more likely to be obese (OR, 1.46; 95% CI: 1.23-1.173; P-trend , 0.001) and have abdominal obesity (OR, 1.64; 95% CI: 1.37-1.96; P-trend , 0.001). Similarly, participants in the highest quintile of the high-animal protein/-fat pattern had greater odds for obesity (OR, 1.23; 95% CI: 1.06-1.42; P-trend = 0.004), high-body fat proportion (OR, 1.21; 95% CI: 1.04-1.40; P-trend = 0.02), and abdominal obesity (OR, 1.35; 95% CI: 1.12-1.62; P-trend , 0.001) ( Table 4) .
Discussion
To the best of our knowledge, these findings are one of the first evaluations of the association between dietary patterns identified by factor analysis and 3 indexes of adiposity: obesity and abdominal obesity as well as high-body fat proportion as measured by dual-energy X-ray absorptiometry. We identified 3 major dietary patterns, prudent, Westernized, and high animal protein/fat, which were found to have a different relationship to each index of adiposity. The prudent pattern was inversely related with high-body fat proportion, whereas the Westernized pattern was positively associated with obesity, abdominal obesity, and high-body fat proportion. We also found significant associations between the high-animal protein/-fat pattern and all 3 indexes of adiposity. All associations were independent of total energy and other lifestyle factors. Few studies have identified dietary patterns in Mexico, but prior research indicates that the Westernized pattern is associated with a 30% increased odds of overweight/obesity in Mexican adults from a national survey (32) . Another study of Mexican adolescents reports that an "urban-poor" pattern (characterized by a high consumption of soda, refined carbohy- ). 4 Central obesity (waist circumference: . 88 cm for women, . 102 cm for men). 5 High-body fat proportion (.35% for women and .25% for men). 6 Low physical activity (,30 min/d). drates, and processed foods) is associated with a 61% increased risk of overweight and obesity (33) . The patterns found in our study are similar to these other studies. It is remarkable that regardless of the country or population that is studied, prudent or healthy and Western patterns seem to emerge, as shown in previous studies of dietary patterns (23, 25, 26) . Thus, although our findings of an association between major dietary patterns and obesity are not new, they add to the knowledge of global dietary patterns and provide new information regarding the relationship between these dietary patterns and a directly assessment of body fat. We found an inverse relationship between a prudent pattern and risk of general (OR, 0.93; 95% CI: 0.78-1.10; P-trend = 0.3) and central obesity (OR, 0.91; 95% CI: 0.76-1.09; P-trend = 0.1), although these associations were not significant. This finding is consistent with a previous study that reported no significant associations (P = 0.49) between healthy dietary patterns and BMI (34) . However, other studies have found significant inverse associations. A recent cross-sectional study in Iranian women found that individuals in the upper category of the healthy pattern were less likely to be obese (OR, 0.28; 95% CI: 0.14-0.53) and centrally obese (OR, 0.30; 95% CI: 0.16-0.55) (26) . Additionally, some studies characterized by low-fat dairy, whole grains, fruits, and vegetables have found inverse associations between changes in BMI and waist circumference (15, 22, (35) (36) (37) (38) . We did find a significant inverse association between the prudent dietary pattern and high proportion of body fat.
The Westernized pattern that we identified was positively associated with greater odds of obesity and abdominal obesity and high-body fat proportion. Participants in the upper quintile of the Westernized pattern scores had 46% (95% CI: 1.23-1.73) greater odds of obesity, 64% (95% CI: 1.37-1.96) greater odds of abdominal obesity, and 17% (95% CI: 1.01-1.35) greater odds of high-body fat proportion than those in the lower quintile. This finding supports similar results from previous cross-sectional (26, 35, 39) and prospective studies (40, 41) as well as findings from the Nurses' Health Study that a Western dietary pattern is associated with greater weight gain (39,38).
Furthermore, a higher intake of sweetened beverages, as in our Westernized pattern, was found to be associated with weight gain over a 2-y follow-up period among men and women in the EPIC-Potsdam Study (41) . Overall, these findings underscore the role that the nutritional transition to a Westernized diet plays in the alarming prevalence of obesity in developing countries.
Our results suggest that the high-animal protein/-fat pattern was consistently associated with obesity (OR, 1.23; 95% CI: 1.06-1.42) and abdominal obesity (OR, 1.35; 95% CI: 1.12-1.62) and high body fat (OR, 1.21; 95% CI: 1.04-1.40), although the complex nature of this dietary pattern makes interpretation very difficult. This pattern is highly loaded with red meat, processed meat, eggs, fats (butter, margarine, and other fats), seafood, and poultry. Whereas these components suggest a positive association between this dietary pattern and indexes of adiposity, this pattern also contains some foods that have been characterized as healthy. The case may be that the other food groups that form this pattern have a greater effect on adiposity, or the proportion of animal products in the processed meat and saturated fat groups (butter, margarine, and other fats) could explain the positive relationship between a high-animal protein/-fat pattern and adiposity. Previous prospective reports have found that high-fat food groups (41) and processed meat (35, 40, 42) are associated with changes in BMI and waist circumference.
Although this study indicates significant associations among major dietary patterns, obesity, abdominal obesity, and highbody fat proportion, these findings should be interpreted in light of the study's limitations. Because this is a cross-sectional study, it does not address causality and its findings need to be confirmed in future prospective studies. Furthermore, it is possible that certain anthropometric patterns could have led participants to make dietary changes that would confound the association between dietary patterns and general and central obesity and high body fat and attenuate the odds estimates. Therefore, the true results are even stronger. Second, the possibility of residual confounding could not be excluded, because we did not consider participants' dietary behaviors (meal and snack patterns) in our dietary pattern analysis. Third, the FFQ's limitations in assessing dietary intake Dietary patterns and obesity 925
should be taken into account. However, this is unlikely to have influenced our findings, because random errors in dietary assessment measures might account for a lack of associations but not the reverse (43) . Fourth, the use of factor analysis involves subjective decisions on the part of the researchers, such as prespecification of the number of factors. Although eigenvalues, scree plots, and interpretability (21) are used to guide the investigator in determining the best factor solution, ultimately such a decision is subjective. Our choice to retain 3 factors was based on eigenvalues, scree plots, interpretability, and similarity in range to other studies in addition to our a priori thinking that there are likely more than 2 meaningful food patterns in Mexican culture. Finally, the participants in this cohort study were adults from a specific segment of the Mexican population: working class, seemingly healthy individuals. While these adults cannot be considered representative of the Mexican adult population as a whole, they may be considered representative of middle-to lowincome adults residing in the urban areas of central Mexico.
In conclusion, our evaluation of the associations between major dietary patterns and 3 measures of adiposity provides insight into how the combination of foods may increase the risk of these conditions. Our results suggest that a diet characterized by high consumption of soft drinks, refined grains, corn tortillas, and pastries and low consumption of dairy products, whole grains, and seafood is associated with higher odds of developing obesity, abdominal obesity, and high-body fat proportion in Mexican adults. On the other hand, high consumption of processed meat and high-fat foods (butter, margarine, and other fats) is related to higher odds of developing these conditions. However, future prospective studies are required to confirm these findings. In view of the need for preventive actions to meet the challenge of the obesity epidemic, the identification of how diet contributes to the development of adiposity has great importance. Public health strategies focusing on dietary patterns may provide a clearer recommendation for supporting positive lifestyle change that focus on attempts to reduce adiposity. Consistent with this approach, research on overall dietary patterns to improve our understanding of the modifiable determinants of disease risk may guide the development of more effective prevention strategies.
